Introduction
============

Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) are the most common autoimmune inflammatory diseases.[@b1-oarrr-10-055] These diseases cause structural damage in the musculoskeletal system, which results in severe pain and functional loss. The genetic, environmental, and immunological causes of these diseases have not been fully defined. However, during the last 2 decades, increased efforts to understand the importance of proinflammatory cytokines have paved the way for new treatment methods. Today, many biological agents that target proinflammatory cytokines are being successfully used in the treatment of RA and AS.[@b2-oarrr-10-055],[@b3-oarrr-10-055] On the other hand, anti-cytokine biologics used in the treatment of RA and AS are highly expensive.[@b4-oarrr-10-055]

In autoimmune diseases, determination of target antigens is of vital importance in understanding the pathogenesis and in developing new treatment strategies. Heat-shock proteins (HSPs) are stress proteins that are conserved from microorganisms to mammals. HSPs have important functions in cellular integrity during normal and stressful conditions.[@b5-oarrr-10-055],[@b6-oarrr-10-055] These proteins have been categorized into different families according to their molecular mass, for example, HSP110, HSP90, HSP70, HSP60, HSP40, HSP20-30, and HSP10 (small HSPs).[@b7-oarrr-10-055],[@b8-oarrr-10-055] HSP60 is a mitochondrial chaperonin that is involved in protein folding. For simplicity, HSP60 proteins of diverse origin are referred as HSP65.[@b7-oarrr-10-055]

Over the years, HSPs have gained increased interests for their role in autoimmune diseases. Data that support the hypothesis that these proteins are targeted by the immune system in RA and AS are increasing.[@b8-oarrr-10-055]--[@b11-oarrr-10-055] The desensitization with synthetic peptides from HSP65 was shown to suppress inflammation in experimental arthritis models.[@b9-oarrr-10-055],[@b12-oarrr-10-055] The use of HSPs and their synthetic peptides for immunotherapy has become an emerging area for the treatment of autoimmune diseases. Previous studies have reported higher serum heat-shock protein-65 antibody (anti-HSP65) titers in patients with RA and AS compared to controls.[@b11-oarrr-10-055],[@b13-oarrr-10-055]--[@b19-oarrr-10-055] However, other studies have shown opposing views on the matter.[@b16-oarrr-10-055],[@b20-oarrr-10-055],[@b21-oarrr-10-055] In addition, the relationship between antibodies against HSP65 and disease severity and prognosis has not been sufficiently studied.[@b11-oarrr-10-055],[@b13-oarrr-10-055] For this reason, we put together a study to determine the level of serum antibodies against HSP65 and their association with clinical and laboratory parameters in patients with RA and AS.

Patients and methods
====================

A total of 90 volunteers (RA: 23 females and seven males, mean age, 53.5±13.2 years; AS: 13 females and 17 males; mean age, 40.0±10.9 years; and healthy controls: 22 females and eight males; mean age, 47.6±15.6 years) were recruited for the present study. Patients with RA were selected using the American College of Rheumatology criteria.[@b22-oarrr-10-055] Patients with AS were selected with respect to the Modified New York criteria.[@b23-oarrr-10-055] Healthy volunteers were chosen among hospital staff. Individuals with any known acute or chronic infections, autoimmune diseases other than RA and AS, malignancies, known severe lung, liver, or kidney diseases, or endocrinological diseases were excluded from the study.

Written informed consent was obtained from all participants according to the Declaration of Helsinki. The local ethics committee of Firat University approved this study. All procedures performed in this study were in accordance with the ethical standards of the national research committee and the 1964 Declaration of Helsinki and its later amendments.

Clinical assessments
--------------------

All patients underwent clinical evaluation that included the investigation of pain severity, fatigue, the physician's global assessment, and the patient's global assessment using the visual analog scale. Morning stiffness was evaluated in minutes. The functional conditions of the patients were evaluated with the Health Assessment Questionnaire.[@b24-oarrr-10-055] Patients with RA were evaluated using Disease Activity Score-28 (DAS-28) and divided into two groups based on disease activity: low (DAS-28 ≤3.2) and moderate/high (DAS-28 \>3.2).[@b25-oarrr-10-055] Six patients were in remission (DAS-28 \<2.6). Patients with AS were assessed using Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and Bath Ankylosing Spondylitis Functional Index (BASFI) and divided into low (BASDAI \<4) and high (BASDAI ≥4) disease activity groups.[@b26-oarrr-10-055],[@b27-oarrr-10-055]

Laboratory assessments
----------------------

All patients underwent routine laboratory evaluations comprising erythrocyte sedimentation rates (ESRs), blood biochemistry, whole blood counts, and urine analyses. The levels of C-reactive protein (CRP) and rheumatoid factor were calculated using the nephelometric method. Anti-cyclic citrullinated peptides (anti-CCPs) were determined by enzyme-linked immunosorbent assay (ELISA). Blood samples of healthy individuals and patients were centrifuged for 15 minutes at 2,000 rpm, and the obtained serum was kept at −80°C. Antibodies against HSP65 were analyzed by ELISA (Catalog No: CK-E90966; EastBiopharm, Hangzhou, China). Intra- and inter-assay variability percentages for anti-HSP65 were \<10% and \<12%, respectively.

Statistical analyses
--------------------

All statistical analyses were performed with the SPSS 15.0 program. Data were assessed with parametric and nonparametric statistical methods. A Kolmogorov--Smirnov test was used to determine normality. For group comparisons, a chi-square test and an independent *t*-test were used for categorical variables and continuous variables, respectively. For comparison of continuous variables, which did not show normal distribution, the Mann--Whitney *U*-test was used. Any correlation analyses were performed using the Spearman's method. A *p*-value of \<0.05 was considered as statistically significant.

Results
=======

The clinical and laboratory results of different groups studied are given in [Table 1](#t1-oarrr-10-055){ref-type="table"}. No statistically significant difference between patients with RA and healthy controls was found for mean age and gender. The gender distribution was similar for AS and control groups; however, the mean age was significantly lower in the AS group (*p*=0.018). The duration of disease for RA and AS patients was 9.5±6.2 years and 6.1±4.8 years, respectively. Although mean ESR and CRP values were significantly higher in patients with RA compared to healthy controls, no statistically significant difference was found between the AS group and the controls ([Table 1](#t1-oarrr-10-055){ref-type="table"}).

In the RA group, eight (26.6%) patients received methotrexate monotherapy, 12 (40%) patients were on methotrexate plus prednisolone, three (10%) patients were on methotrexate plus hydroxychloroquine, and seven (23.3%) patients received leflunomide plus prednisolone treatments. In the AS group, seven (23.3%) patients were on nonsteroidal anti-inflammatory drug (NSAID) monotherapy, nine (30%) patients used sulfasalazine plus NSAID, and 14 (46.7%) patients were on anti-TNF-α treatments.

When comparing with healthy controls, the serum anti-HSP65 level in patients with RA was higher and statistically significant (*p*=0.014; [Table 1](#t1-oarrr-10-055){ref-type="table"}). Interestingly, no difference was observed for serum anti-HSP65 level in the low and moderate/high disease activity RA groups (*p*=0.683).

When comparing to healthy controls, serum anti-HSP65 level in patients with AS was increased and statistically significant (*p*=0.001; [Table 1](#t1-oarrr-10-055){ref-type="table"}). When the low and high disease activity AS groups were compared, no difference was observed for serum anti-HSP65 level (*p*=0.625).

Serum anti-HSP65 levels did not show any association between the disease activity parameters for either the RA group or the AS group ([Tables 2](#t2-oarrr-10-055){ref-type="table"} and [3](#t3-oarrr-10-055){ref-type="table"}). Interestingly, an association with serum anti-HSP65 and anti-CCP levels was observed (*p*=0.024; [Table 2](#t2-oarrr-10-055){ref-type="table"}).

Finally, the comparison of serum anti-HSP65 level in the RA and AS groups did not show a difference (*p*=0.451; [Table 1](#t1-oarrr-10-055){ref-type="table"}).

Discussion
==========

In this study, antibodies against HSP65 and its association with disease activity were investigated in patients with RA and AS. Serum anti-HSP65 level was significantly higher for both the RA and the AS groups when compared to the control group. However, there was no association between disease activity parameters and serum anti-HSP65 level in either the RA or the AS group.

HSPs have important functions in innate and adaptive immunity. These proteins bind to the toll-like receptors, activating antigen-presenting cells, and T and B lymphocytes. In addition to proinflammatory functions, HSPs are known to evoke the immune-regulatory systems as well. HSPs can stimulate various regulatory T cells that secrete IL10 and transforming growth factor-β.[@b28-oarrr-10-055] Interestingly, HSPs can also become targets of immune response and are involved in the pathogenesis of autoimmunity.[@b7-oarrr-10-055] In addition, HSPs are involved in the pathogenesis of various diseases, such as atherosclerosis, type 1 diabetes, RA, AS, psoriasis, systemic lupus erythematosus, juvenile dermatomyositis, and Behçet's disease.[@b8-oarrr-10-055],[@b10-oarrr-10-055],[@b17-oarrr-10-055]

Microbial HSPs can elicit inflammatory responses that may cross-react with self-HSPs or other self-antigens.[@b8-oarrr-10-055] Most studies on HSPs focus on the HSP60 family. This family has \>70% homology between human HSP60 and bacterial HSP65. In previous studies, antibodies against HSP65 have been found in the blood of patients with RA and AS.[@b11-oarrr-10-055],[@b13-oarrr-10-055]--[@b17-oarrr-10-055] It has also been reported that antibodies against HSP65 were found at higher levels in the synovial fluid than in the peripheral blood of patients with RA.[@b18-oarrr-10-055],[@b19-oarrr-10-055]

Similar to previous studies, we found that serum anti-HSP65 level was elevated in patients with RA compared to healthy controls. However, some researchers have reported no difference in serum anti-HSP65 level between patients with RA and controls.[@b16-oarrr-10-055],[@b20-oarrr-10-055],[@b21-oarrr-10-055] In our study, there was no association with disease activity parameters and anti-HSP65 levels. In one study, positive proliferative response of mononuclear cells of patients with RA against HSP60 was reported to be not associated with the severity of disease.[@b29-oarrr-10-055]

Antibodies against HSP65 have been studied in a few studies clinically in patients with RA and AS. In their study, McLean et al compared the serum anti-HSP65 antibody levels of patients with RA and AS to those of controls. The circulating antibodies against HSP65 in 19 of 55 patients with AS (34.5%) were shown to be elevated, but there was no statistically significant difference between the AS and control groups.[@b16-oarrr-10-055] They did not investigate the association between anti-HSP65 level and other clinical or laboratory parameters. In our study, we observed increased circulating anti-HSP65 levels in patients with AS compared to controls with no association with disease activity. Our findings are consistent with the study of Bodnar et al.[@b13-oarrr-10-055] They found increased circulating anti-HSP65 levels in patients with AS, which were not associated with any clinical or laboratory parameters, including ESR, CRP, pain severity, BASDAI, or BASFI. In a recent study, elevated levels of antibodies to human HSP60 were found in patients with spondyloarthritis (SpA). The disease severity assessed by Bath Ankylosing Spondylitis Metrology Index was positively associated with antibodies against human HSP60, especially in the HLA-B27-positive patients. However, there was no association between antibodies against human HSP60 and BASDAI, BASFI, or CRP.[@b11-oarrr-10-055]

The desensitization obtained by the oral or nasal administration of synthetic peptides from HSP65 was shown to suppress inflammation in experimental arthritis models.[@b9-oarrr-10-055],[@b30-oarrr-10-055]--[@b32-oarrr-10-055] Shi et al[@b9-oarrr-10-055] administered intranasal synthetic peptides from HSP65 to rats in their experimental arthritis models, and they detected a decrease in serum TNF-α levels and enhanced IL-4. Furthermore, these findings correlated with the histology that showed a reduction in cellular infiltration and synovial hyperplasia.[@b9-oarrr-10-055] Three possible mechanisms, including clonal deletion, clonal anergy, and active suppression, may be functional in both nasal- and oral-induced tolerance.[@b31-oarrr-10-055],[@b33-oarrr-10-055] A recent study showed that the secretion of proinflammatory cytokines from peripheral blood mononuclear cells of patients with RA was significantly inhibited using peptides synthesized from HSP65.[@b12-oarrr-10-055] Another study showed that intravenous administration of HSP10 reduced disease activity and suppressed production of TNF-α, IL-1, and IL-6 in patients with RA.[@b34-oarrr-10-055] Similarly, orally administered fragment of HSP40 induced production of regulatory T-cells and IL-4 and IL-10 and decreased production of TNF-α in patients with RA.[@b35-oarrr-10-055] Today, there is not enough scientific evidence for the use of synthetic peptides from HSP65 in patients with RA or AS. However, one report showed the beneficial effect of an HSP65 fragment on preservation of endogenous insulin production in type 1 diabetes.[@b36-oarrr-10-055]

However, our study had some limitations, such as it was cross-sectional and included only a small number size of patients. Further investigation of larger patient cohorts and long-term follow-up evaluations is needed to better understand the role of HSPs in RA and AS.

Conclusion
==========

Our data showed that serum anti-HSP65 levels of patients with RA and AS were higher than those of healthy controls. These results indicate that HSP65 may be involved in the pathogenesis of RA and AS. However, the antibody level was not associated with disease activity, so the theory that HSP65 is a specific part of the etiology cannot be supported by the results of this study. The use of HSPs and their synthetic peptides for immunotherapy has become an emerging area for the treatment of autoimmune diseases. Uncovering novel biomarkers of RA and AS diseases is crucial to better understand the etiology of these diseases and to develop new specific immunotherapeutic agents.
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###### 

Demographic, clinical, and laboratory characteristics of patients with RA and AS, and their comparisons with those of healthy controls

                                RA (n=30)                 AS (n=30)                   Controls (n=30)           *p*[a](#tfn3-oarrr-10-055){ref-type="table-fn"}      *p*[b](#tfn4-oarrr-10-055){ref-type="table-fn"}
  ----------------------------- ------------------------- --------------------------- ------------------------- ---------------------------------------------------- ----------------------------------------------------
  Age (years)                   53.5±13.2 (32--91)        40.0±10.9 (22--68)          47.6±15.6 (15--77)        0.173                                                0.018[\*](#tfn2-oarrr-10-055){ref-type="table-fn"}
  Female, n (%)                 23 (76.7)                 13 (43.3)                   22 (73.3)                 0.167                                                0.213
  Disease duration (years)      9.5±6.2 (1--22)           6.1±4.8 (1--21)             --                        --                                                   --
  Pain (0--100 mm VAS)          46.6±24.1 (10--90)        42.8±18.4 (20--90)          --                        --                                                   --
  Morning stiffness (minutes)   51±40.3 (0--120)          62.8±41.5 (0--120)          --                        --                                                   --
  CRP (g/dL)                    8.9±15.1 (0--73)          6.2±11.0 (0--55)            2.3±2.2 (0--8)            0.040[\*](#tfn2-oarrr-10-055){ref-type="table-fn"}   0.302
  ESR (mm/h)                    41.2±27.4 (1--97)         21.6±18.3 (3--67)           13.5±7.9 (2--30)          0.000[\*](#tfn2-oarrr-10-055){ref-type="table-fn"}   0.195
  RF (IU/mL)                    87.7±110.1 (6--588)       --                          8.4±64.7 (0--361)         0.000[\*](#tfn2-oarrr-10-055){ref-type="table-fn"}   --
  Anti-CCP (U/mL)               266.4±366.1 (3.7--1000)   --                          14.5±9.4 (2.5--46.6)      0.000[\*](#tfn2-oarrr-10-055){ref-type="table-fn"}   --
  Anti-HSP65 (ng/mL)            9.71±7.23 (0.39--33.70)   15.33±16.56 (1.90--63.60)   7.56±9.19 (0.24--32.80)   0.014[\*](#tfn2-oarrr-10-055){ref-type="table-fn"}   0.001[\*](#tfn2-oarrr-10-055){ref-type="table-fn"}
  HAQ (0--3)                    1.2±0.7 (10.3--2.60)      2.5±6.1 (0.25--2.6)         --                        --                                                   --
  DAS-28 (0--9.4)               4.5±2.0 (1.28--7.94)      --                          --                        --                                                   --
  BASDAI (0--10)                --                        4.1±2.0 (1.2--10)           --                        --                                                   --
  BASFI (0--10)                 --                        3.8±2.1 (1--10)             --                        --                                                   --

**Notes:** Values are presented as mean±SD (range).

Statistically significant result (*p*\<0.05).

Comparison between RA and controls.

Comparison between AS and controls.

**Abbreviations:** RA, rheumatoid arthritis; AS, ankylosing spondylitis; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide; anti-HSP65, heat-shock protein-65 antibody; HAQ, Health Assessment Questionnaire; DAS-28, Disease Activity Score-28; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index.

###### 

Spearman's correlation coefficients (*r*) for serum anti-HSP65 levels and various clinical and laboratory parameters in patients with RA

                      Anti-HSP65                                           
  ------------------- ---------------------------------------------------- -------
  Morning stiffness   0.295                                                0.198
  Pain                0.720                                                0.068
  ESR                 0.814                                                0.045
  CRP                 0.719                                                0.069
  RF                  0.408                                                0.157
  Anti-CCP            0.024[\*](#tfn6-oarrr-10-055){ref-type="table-fn"}   0.411
  DAS-28              0.409                                                0.156
  HAQ                 0.086                                                0.319

**Note:**

Statistically significant result (*p*\<0.05).

**Abbreviations:** anti-HSP65, heat-shock protein-65 antibody; RA, rheumatoid arthritis; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide; DAS-28, Disease Activity Score-28; HAQ, Health Assessment Questionnaire.

###### 

Spearman's correlation coefficients (*r*) for serum anti-HSP65 levels and various clinical and laboratory parameters in patients with AS

                      Anti-HSP65   
  ------------------- ------------ -------
  Morning stiffness   0.546        0.115
  Pain                0.830        0.041
  ESR                 0.847        0.037
  CRP                 0.119        0.291
  BASDAI              0.875        0.030
  BASFI               0.700        0.073
  HAQ                 0.624        0.093

**Abbreviations:** anti-HSP65, heat-shock protein-65 antibody; AS, ankylosing spondylitis; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; HAQ, Health Assessment Questionnaire.
